Two experiments were conducted to investigate the effect of dietary taurine and cystine on growth and body composition of juvenile red sea bream Pagrus major. In Experiment I, a casein-based semi-purified diet included a small amount of fish meal were supplemented with taurine at the levels of 0 (control) and 1.0 %. The experimental diets in Experiment II were without fishmeal and supplemented with taurine at 0 (control), 0.5, 1.0 and 2.0 % or cystine at 1.0 and 2.0%. These diets were fed three times a day for 6 weeks to fish (average body weight: 2.3g in Experiment I and 2.5g in Experiment II). In Experiment I, fish fed the taurine supplemented diet showed significantly (P<0.05) improved growth, feed efficiency and feed consumption relative to fish fed the unsupplemental diet. The whole body taurine content increased, whereas the non-essential amino acid contents decreased, in fish fed the taurine-supplemental diet compared to fish fed the unsupplemented diet. In Experiment II, the growth, feed efficiency and feed consumption of fish fed the taurine-supplmented diets, irrespective of the dietary taurine levels, were significantly higher than those of fish fed the control diet and the cystine-supplemented diets.
Introduction
Taurine is one of the most abundant free amino acids in various tissues, and has been implicated to play important roles in numerous physiological functions including bile salt synthesis, osmoregulation, modulation of neurotransmitters, membrance stabilization, and antioxidation in mammals (Huxtable, 1992) . Several studies have recently indicated that there are interspecific differences in the pathway and capacity of taurine biosynthesis in fish (Goto et al., 2001; Goto et al., 2003) . The enzyme activity of cysteinesulfinate decarboxylase in red sea bream and Japanese flounder is only approximately half the levels of rainbow trout (Yokoyama et al., 2001) , and thus this step is considered to be the rate limiting for taurine synthesis in the former species. In addition, taurine content in the muscle of rainbow trout (Yokoyama and Nakazoe, 1992) fed diets supplemented with taurine were remained at similar levels with each other irrespective of the dietary taurine contents. In contrast, taurine content in the whole body of juvenile Japanese flounder (Park et al., 2002; Kim et al., 2005) , European sea bass (Martinez et al., 2004) and in the muscle of juvenile yellowtail (Matsunari et al., 2005) , each fed diets supplemented with taurine increased with the increase in the dietary taurine level. These results suggest that marine fish depend on dietary taurine to maintain the body taurine pool.
Dietary taurine requirements in juvenile stages of marine fish have been reported in Japanese flounder (1.5-2.0%), yellowtail (>1.0%) and European sea bass (0.2%). In addition, Takagi et al. (2006) reported that the occurrence of green liver induced by highly inclusion of soybean meal in yearling red sea bream was prevented by the supplementation of taurine. However, dietary taurine requirement of red sea bream has been determined neither in juvenile stage nor young or adult stages.
The present study aimed to investigate the effect of dietary taurine on the growth performance and whole body free amino acid composition including taurine in juvenile red sea bream. Since soybean meal contains various antinutritional factors (Francis et al., 2001) , which may affect the physiology of fish, we used casein-based semi-purified diets in two feeding experiments in this study. The 1st experiment (Experiment I) was designed to evaluate the acceptability of a casein-based low-fish meal diet with and without supplemental taurine. As the result, juvenile red sea bream well accepted the diets. Then, the 2nd experiment (Experiment II) was conducted using a fish meal-free casein-based diet with graded levels of taurine. We also investigated the effect of supplemental cystine instead of taurine to determine the ability of taurine biosynthesis from cystine.
Materials and methods

Diet
The experimental diets were based on vitamin-free casein and gelatin as the main protein source. In Experiment I, a small amount of fish meal was also included (Table   1) . Two experimental diets were supplemented with taurine (Wako Pure Chemical Industries, Osaka, Japan) at the levels of 0 (control) and 1.0 %. The experimental diets in Experiment II were without fishmeal and supplemented with taurine at 0 (control), 0.5, 1.0 and 2.0 % or cystine (Wako) at 1.0 and 2.0% ( Table 2 ). The ingredients were thoroughly mixed, moistened by the addition of warm water (40°C), and made into pellets using a garlic crusher. The pellets were dried for 24h in a freeze-dryer (Nissei 5 Co., Ltd., Tokyo, Japan). The pellets were sorted with a mesh (1.4mm) to a uniform size and store at -20°C until fed to the fish.
Fish and feeding
Juvenile red sea bream for Experiments I and II were obtained from the Owase
Station, Fisheries Research Division, Mie Prefectural Science and Technology
Promotion Center, Mie, Japan and the Fish Nursery Center of Kinki University, Susami, Wakayama, Japan, respectively. Before the feeding experiments, the fish were stocked in 500L polycarbonate (PC) tanks and fed a commercial feed (Marubeni Nisshin Feed, Japan) for 10 days. Then, they were fed the respective control diet for further 11 days.
Thirty fish (average body weight, 2.3 ± 0.0g) were allotted into 4 PC tanks with 100L water volume in Experiment I, and 30 fish (average body weight, 2.5 ± 0.5g) were allotted into 12 tanks in Experiment II. Each experimental diet in Experiments I and II were assigned to two replicate tanks of fish. Each rearing trial was conducted in a flow-through system supplied with seawater (3000mL/min), controlled at 20°C. Each experimental diet was given to satiation three times a day throughout the 6-week feeding experiment. At the end of the feeding trial, the fish were weighed individually, 6 fish from each tank were sampled and stored at -20°C until chemical analyses.
Feeding behavior observation
At the end of the feeding trial, three fish from each experimental tank were placed in a transparent 60L (60×35×30cm 3 ) square tank and were acclimatized for 18 hours.
Then, experimental diet was fed by hand and feeding behavior was video-recorded for 5 min (30 frames/sec) using a charge coupled device camera (Matsushita Electric 6 Industrial Co., Ltd., Osaka, Japan) from the lateral side of the observation tank. From the sequence of feeding behavior on the experimental diet, feeding behavior of red sea bream were divided into two categories; Ingestion: a fish aimed one particle of diet, captured and swallowed, Reject: once a fish captured a diet but spit out. All frames of the video recordings were used to analyze frequency of ingestion and reject during observation period.
Chemical analysis
Determinations of moisture, crude protein and crude lipid of the experimental diets, were made by 6 h drying at 110 °C, semi-micro Kjeldahl method (N × 6.25) and chloroform-methanol extraction after Folch et al. (1957) . The extraction of free amino acids from the diets and whole body were carried out by homogenization in 2% sulfosalicylic acid and centrifugation at 2,300 ×g for 15 min. Free amino acid concentrations were determined with an automatic amino acid analyzer (JLC-500/v JEOL, Tokyo, Japan).
Statistical analysis
Date on growth performances and free amino acid concentrations were subjected to one-way ANOVA and Tukey-Kramer multiple comparison test. When two groups were compared, data were analyzed using Student's t-test. For all statistical analyses, a SPSS 11.0 microcomputer software package (SPSS, Chicago, IL, USA) was used. In all statistical testing, differences at P<0.05 were considered as significant. 7
Results
Growth and feed performance
Results of the feeding experiments are shown in Table 3 . The fish fed the 1.0% taurine supplemented diet showed significantly (P<0.05) higher weight gain (WG), specific growth rate (SGR), feed efficiency and daily food consumption (% BW) compared with fish fed the control diet containing 0.2% taurine. In Experiment II, fish fed any taurine supplemented diet containing 0.4 to 1.6% taurine had significantly higher SGR and WG, feed efficiency and daily food consumption than the control diet group (Table 3) . However, no significant differences were found in the growth and feed performance between fish fed the control diet and the two cystine supplemented diets. Frequency of ingestion was significantly higher in fish fed the 1.0 and 2.0% taurine diets than those of control diet (Table 6 ).
Whole body free amino acid composition
The free amino acid compositions in the whole body of juvenile red sea bream are shown in Tables 4 and 5. In Experiment I, taurine content in the whole body of the control diet group was markedly lower compared to the taurine-supplemented diet group (Table 4 ). The contents of the non-essential amino acid except for proline, and the contents of cystathionine and phenylalanine of the whole body in fish fed the control diet were much higher than those of fish fed the taurine-supplemented diet. In Experiment II, the taurine content of the whole body increased significantly with the increase of dietary taurine levels, however no significant differences were observed in the taurine contents between the control diet group and the two cystine-supplemented groups ( Table 5 ). The contents of the whole body non-essential amino acids followed 8 similar trends to what was observed in Experiment I. The contents of aspartic acids, serine, glutamic acid, glycine, alanine and proline decreased as the dietary taurine content increased. The contents of these amino acids of the cystine-supplemented diet groups were similar to those of the control diet group. Unlike the case in Experiment I, the cystathionine content of fish fed the control diet was significantly lower than fish fed the 0.5% taurine-supplemented diet. In the taurine-supplemented diet groups, the cystathionine content decreased as the dietary taurine content increased. Although the cystathionine content of fish the 1.0% cystine-supplemented diet was not significantly different from fish fed the control diet, the content of fish fed the 2.0% cystine-supplemented diet increased to a level identical to fish fed the 0.5% taurine diet.
Discussion
In the present study, juvenile red sea bream fed the taurine supplemented diets showed significantly superior growth performances to those of fish fed the control unsupplemented diets in both Experiments I and II . This growth promotion effect of taurine can be attributed to the increased feed intake and improved feed efficiency.
These observations are similar to the results in juvenile Japanese flounder (Park et al., 2002; Kim et al., 2005) and juvenile yellowtail (Matsunari et al., 2005) , where graded levels of taurine were supplemented to the test diets. In addition, the whole body taurine contents of the taurine supplemented-diet groups were higher and increased with the dietary taurine content compared to the control groups in both experiments of the present study. These results indicate that taurine is an important element for the growth of juvenile red sea bream, and the juveniles are able to utilize crystalline taurine.
Since the growth and feed efficiency was not significantly different between fish fed 0.5 9 to 2.0 % taurine supplemented diets (the analytical dietary taurine contents were 0.4 to 1.6 %), the dietary taurine requirement of juvenile red sea bream is assumed to be less than 0.5 %.
Rainbow trout fed a methionine supplemented diet showed a decrease of the serine content and an increase of the cystathionine content in the liver (Yokoyama and Nakazoe, 1992) . Serine is one of the important key factors in the trans-sulfuration pathway from homocysteine to cystathionine in mammals (Finkelstein and Martin, 1986 ). The whole body serine levels of juvenile red sea bream fed the taurine supplemented diets were significantly lower than those of fish fed the taurine-unsupplemented diets in both Experiments I and II. However, the relationships between the dietary taurine level and the whole body cystathionine level did not coincide between Experiments I and II; the cystathionine content was higher in the taurine-unsupplemented group in Experiment I whease the content in Experiment II was lower compared to the taurine-supplemented diet groups. These observations indicate that there are interspecific differences in the capacity of cystathionine biosynthesis from methionine in fish. Since the contents of individual free amino acid, especially those of non-essential amino acids in the whole body of juvenile red sea bream decreased with the increase of whole body taurine content, red sea bream might regulate the size of free amino acid pool. More detailed investigations are needed on the sulfur amino acid metabolism in red sea bream.
The major pathway for taurine synthesis from cysteine in mammals involves the oxygenation of cysteine to cysteinesulfinate, followed by decarboxylation to hypotaurine and then to taurine (Worden and Stipanuk, 1985) . The pathway from cysteine or cystine to taurine has been examined in rainbow trout and Japanese flounder.
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The taurine levels in the liver and plasma increased as the dietary level of cystine increased in rainbow trout, suggesting an active synthesis of taurine from cystine (Walton et al., 1982; Yokoyama and Nakazoe, 1998) . A considerable amount of taurine and hypotaurine was synthesized from radiochemically labeled cysteine injected into the peritoneal cavity of rainbow trout (Yokoyama et al., 1997) . In addition, a large dose of cystine increased the hypotaurine contents of liver and kidney in rainbow trout (Yokoyama and Nakazoe, 1998) . These results suggested that there is a metabolic pathway from cystine to taurine in rainbow trout. On the other hand, detailed studies similar to the ones in trout have not been done in red sea bream. Juvenile flounder are unable to use dietary cystine for taurine biosynthesis, and the taurine levels of the whole body, liver and muscle increased only by the supplementation of taurine (Park et al., 2002) . In the present study, supplementation of cystine to the casine-based semi-purified diet did not promoted the growth of juvenile red sea bream, and the whole body taurine content did not increase at all. The activity of cysteinesulfinate decarboxylase, which is located in the trans-sulfuration pathway from cysteinesulfinate to hypotaurine, in red sea bream is only approximately half the levels of rainbow trout (Yokoyama et al., 2001) . Therefore the red sea bream might have low capacity of taurine biosynthesis from cystine. Some studies on the use of alternative protein sources have revealed that no or low fish meal diets are poorly palatable (Day and Plascenica González, 2000; Kissil et al., 2000) . The reduction in diet palatability usually results in a decrease in feed intake.
In this study, the feed consumption rate (% BW/ day) of the taurine supplemented groups increased compared to the control diet and the cystine-supplemented diet groups.
In addition, similar results were observed in frequency of ingestion. However, fish size was different between treatments, because the observation for feeding frequency was conducted after 6 weeks feeding trial. Therefore, it is somewhat unclear from the results of the present study whether diet palatability or fish size is responsible for the increase in frequency of ingestion. It is known that feeding of fish is accelerated or appetite is stimulated by the presence of certain free amino acids. Ina and Matsui (1980) reported that the appetite of red sea bream was stimulated by the mixture of glycine, alanine and valine, which were rich in a polychaete worm. Although either of glycine, alanine, lysine, valine, glutamic acid and arginine acted as strong chemical stimulants, taurine was proved to be a weak stimulant for red sea bream (Fuke et al., 1981) . The feeding of red sea bream was stimulated mainly by the mixture of proline, glycine and glucosamine (Shimizu et al., 1990) . In addition, taurine has been reported to have an adverse effect on palatability in marbled rockfish (Takaoka et al., 1990) .
According to these results, it cannot reasonably be assumed that taurine had acted as a chemical stimulant in juvenile red sea bream in the present study. Depression of feed intake in rainbow trout is induced by a deficiency or imbalance of essential amino acids (Yamamoto et al., 2000 (Yamamoto et al., , 2001 . As discussed before, since taurine is an essential element for the growth of juvenile red sea bream, this result indicates that the reduced feed intake in red sea bream offered the taurine-unsupplemented diets in the present study could be attributed to a deficiency of dietary taurine per se.
The results of the present study suggest that supplemental taurine to a casein-based semi-purified diet promote the fed intake, feed efficiency and growth of juvenile red sea bream. Whole body taurine contents increased with dietary taurine levels. However, supplemental cystine did not metabolized into taurine and had no growth promotion effect. Further research is needed on the sulfur amino acid metabolism and the 12 physiological role of taurine in red sea bream. 0.9 0.9 0.9 0.9 0.9 0.9 Vitamin E (purity: 50%) 0.1 0. 22 Table 6 Effects of dietary amino acid components on the feeding behavior of red sea bream Behavioral traits (frequency fish -1 5 minutes -1 ) *1 Values with the same superscript letter within the same row are not significantly different (Tukey-kramer test, P < 0.05).
